A flavonoid was isolated from the fronds of Asplenium ruta-muraria and A. altajense (Aspleniaceae) collected in the Altai Mountains and adjacent area. The compound was identified as kaempferol 3-O-β-[(6´´´-E-caffeoylglucopyranosyl)-(1→3)-glucopyranoside]-7-O-β-glucopyranoside (1) by UV, 1 H and 13 C NMR spectroscopy, LC-MS, and acid and alkaline hydrolyses. Another flavonoid (2) was isolated from A. altajense, as a minor compound, together with 1 and identified as deacylated compound 1, i.e. kaempferol 3-O-laminaribioside-7-O-glucoside. They were found in nature for the first time.
The genus Asplenium consists of ca. 650 species and is distributed throughout the world [1] . A. ruta-muraria L. is usually found growing on rocky surfaces in temperate regions of the Northern Hemisphere, but also in the Himalaya and higher elevations in Taiwan [2] . On the other hand, A. altajense (Kom.) Grub. is endemic to hill and forest steppes of southern Siberia and Mongolia [3] .
As a chemotaxonomic study of the genus Asplenium, flavonoid compounds have been studied in A. normale D.Don and the related species, A. boreale (Ohwi ex Sa.Kurata) Nakaike, A. shimurae (H.Ito) Nakaike and A. oligophlebium Baker, including var. iejimaense (Tagawa) Tagawa [4], A. viride Hudson (= A. trichomanes-ramosum L. [5] , three Pakistani species, A. ceterach L., A. dalhousiae Hook. and A. punjabense Bir., Fraser-Jenkins et Lovis [6] , four European and Japanese species, A. obovatum Viv., A. foreziense Legrand ex Herib., A. fontanum (L.) Bernh. and A. incisum Thunb. [7] , and six species from the South Pacific islands of Vanuatu and New Caledonia [8] . The distribution of flavonoids and related compounds in Asplenium has been reviewed [8] .
Three caffeoylglycosides, 2-O-caffeoyl-β-D-fructofuranosyl-(2→1)α-D-glucopyranose and an (α,β)-isomeric pair of 2E-caffeoyl-Dglucopyranose and 1-O-caffeoylglucose have been reported from A. ruta-muraria, together with sucrose, diploptene and β-sitosterol [9] . An acylated flavonol glycoside, kaempferol 3-O-β-D-[(6´´´-Ecaffeoyl-β-D-glucopyranosyl)-(1→2)-glucopyranoside]-7-O-β-Dglucopyranoside, has been found in the same species [9] . However, the chemical composition of A. altajense has not been surveyed.
Flavonoid 1 liberated kaempferol, glucose and caffeic acid by acid hydrolysis. Alkaline saponification produced a deacylated kaempferol glycoside and caffeic acid. It was shown by UV spectral analysis that 1 is kaempferol 3,7-O-glycoside [10] . The molecular anomeric proton at δ 5.81 and the C-7 signal of kaempferol at δ 167.7. It was shown from the coupling constants (J = 7.6, 7.7 and 7.5 Hz) of the three anomeric protons that all glucoses are in the β-pyranose form. Also, caffeic acid is in the E-form, based on the coupling constants (J = 15.9 and 15.8 Hz) of H-α and H-β. Thus, 1 was identified as kaempferol Figure 1 ). Acid hydrolysis of 2 liberated kaempferol and glucose. Since the molecular ion peak at m/z 771 [M−H] − appeared on the LC-MS, it is clear that 2 is kaempferol triglucoside. The UV spectral properties of 2 were the same as those of kaempferol 3,7-O-glycoside [10] . 
has been reported from A. ruta-muraria [9] . However, it was characterized by comparison with the data of the compound obtained from Camptosorus sibiricus Rupr. (= Asplenium ruprechtii Sa.Kurata) (Aspleniaceae) [11] . If its chemical structure is correct, intraspecific or geographic variation is present in this species, because our plant materials were collected in Japan and the Altai range of Russia. The HPLC profiles of the flavonoids were essentially the same between the Russian and Japanese populations. On the other hand, the sample of Fan et al. [9] was collected in Valais, Switzerland.
Flavonoid compounds of the genus Asplenium have been reported from 32 species. Almost all the major compounds were kaempferol glycosides, except for a few species such as Asplenium normale D. Don and related species, which synthesize flavones such as apigenin and genkwanin [8] . The interglycosidic linkages of flavonol glycosides, including kaempferol, which have been found in Asplenium species are usually either (1→6) or (1→2). However, those of A. ruta-muraria and A. altajense were (1→3). [11] . A molecular phylogenetic analysis of the Japanese Asplenium species has been performed using chloroplast rbcL sequences [13] . Of the species surveyed by phylogenetic analysis, A. ruta-muraria and A. scolopendrium were included in independent clades respectively, which were comparatively near to each other. However, A. ruprechtii was placed far from A. ruta-muraria and A. scolopendrium. A. altajense was not surveyed by molecular phylogenetic analysis.
Experimental
General: UV spectra were recorded on a Shimadzu MPS-2000 multipurpose recording spectrophotometer according to Mabry et al. [10] . NMR spectra were determined in pyridine-d 5 at 600 MHz ( 1 H NMR) and 150 MHz ( 13 C NMR). LC-MS were measured using a Lcolumn 2 ODS (I.D. 2.1 X 100 mm, Chemicals Evaluation and Research Institute, Japan) at a flow-rate of 0.2 mL min -1 , eluting with HCOOH/MeCN/H 2 O (5:12:83), ESI + 4.5 kV, ESI -3.5 kV, 250ºC. TLC was performed on a cellulose plastic plate (Merck, Germany) using as solvent systems, BAW (n-BuOH/HOAc/H 2 O = 4:1:5, upper phase), BEW (n-BuOH/EtOH/H 2 O = 4:1:2.2) and 15% HOAc. The HPLC survey of the isolated compounds and crude extracts was performed on a Shimadzu HPLC system using a PEGASIL ODS column (I.D. 6.0 X 150 mm, Senshu Scientific Co. Ltd., Japan) at a flow-rate of 1.0 mL min -1 , eluting with MeCN/H 2 O/H 3 PO 4 (8:92:0.2 for flavonoids and 12:88:0.2 for caffeic acid). Acid hydrolysis was performed with 12% HCl for 30 min on a boiling water bath. After cooling in water, the solution was shaken with diethyl ether. The aglycone in the ether phase and the sugar in the mother liquor were separated from each other. An aqueous solution of 1 was covered with a xylene layer for alkaline hydrolysis. This was performed by addition of 2N NaOH. After 15 min of reaction, the solution was neutralized with 2N HCl. The solution was shaken with diethyl ether. Caffeic acid migrated to the organic layer, whereas the deacylated compound remained in the mother liquor. 
Extraction and isolation:
Dried fronds (3.7 g and 2.3 g) of Asplenium ruta-muraria and A. altajense were extracted with MeOH. After concentration, the extracts were applied to preparative paper chromatography using the solvent systems BAW, 15% HOAc, and then BEW. The isolated flavonoids were purified by Sephadex LH-20 column chromtography using 70% MeOH. Major flavonoid 1 was obtained from both species as pale yellow powders (each ca. 5 mg). On the other hand, minor flavonoid 2 was obtained from A. altajense as a pure solution.
Identification: Identification of the flavonoids was performed by UV, 1 H and 13 C NMR spectroscopy, LC-MS, and acid and alkaline hydrolyses. 
